ABSTRACT
Introduction
cumin (Cuminum cyminum l.) belongs to the Apiaceae family and is one of the oldest and economically important spices. it is produced in the tropical regions of the world, mainly in india, iran, egypt and Pakistan. cumin seed extract has 3-4% volatile oil that contains phenolics and antioxidants, which make it suitable for use as food supplements and protection (6) . however, improvement of cumin following the classical breeding procedures is generally slow. the low genetic diversity and narrow genetic treasure of this plant forced researchers to transfer favorite genes from other plants. now-a-days, the transgenic plants produced through tissue culture methods showed superior abiotic and biotic stress tolerance (1, 11) . Regeneration processes in differentiated or undifferentiated tissues have attracted the attention for their potential application as tools for plant propagation and for genetic engineering. it is known that the regeneration of adventitious organs and/or somatic embryos differs according to species and to a number of endogenous and exogenous factors among which hormonal balance has a primary role. in particular, the auxin-cytokinin ratio appears to be the most important factor in channeling regeneration response towards a specific in vitro morphogenic process rather than any other (2) . cumin as well as many other members of the Apiaceae family contains valuable secondary metabolites and high levels of endogenous hormones (7) .
Efficient plant regeneration from cultured cells and tissues is required for the successful application of biotechnology in crop improvement. therefore, the success of cell and tissue culture research depends upon reliable callus culture and plant regeneration procedures (10) . hence, in the present study two basic regeneration procedures were standardized in cumin landraces which are grown in different parts of iran.
Materials and Methods
Mature seeds of three heterogeneous cumin landraces namely, Korasan, Kerman and Fars (three provinces of iran) were collected and rinsed 3 times with tap water, then surface disinfected by stirring for 20 min in a 1% (w/v) sodium hypochlorite with 8 drops tween-80 (Sigma, USA) as a wetting agent in 200 ml sterile water. Seeds were rinsed 3 times with sterile distilled water, then soaked for 2-4 h in sterile distilled water .embryos were extracted from turgid seeds by cutting the end and pressing carefully the middle of the seed. the embryos were cut (a small part from top of cotyledons and small part from bottom of hypocotyls), then cultured on medium in Petri dishes and sealed with parafilm and transferred initially to growth chamber at 25±1 Callus initiation and somatic embryogenesis callus cultures were initiated from cut mature zygotic embryos which were already excited from ripe seed, only on medium containing 0.1 mg/l BAP (Fig. 1B) . callus was transferred to fresh medium and when showed superior growth it was then separated to small parts. initiation and development of somatic embryos occurred when cut callus was transferred to fresh medium after 20 days (Fig. 1C) . these somatic embryos were converted to shoot after three weeks (Fig. 1D) . the elongated shoots were then cut from callus surface and transferred to new media for rooting.
Direct shoot regeneration in BAP free treatments, the cultured embryos did not show any callus production. All explants in these treatments showed direct shoot regeneration. Regenerated shoot buds were further subcultured on fresh medium that was supplemented with same hormone components (Fig. 2) . Shoot elongation and multiplication was achieved at all landraces. however, the rate of shoot multiplication and number of elongated shoots were different in each landrace. Shoots with suitable length (3-4 cm) were excised and transferred to new media for rooting.
Results and Discussion
The effect of BAP on callus formation was highly significant (P=0.01, Table 2 ). As it has been reported in previous studies (3, 11) , BAP plays a key role in callus induction. however in our study its effect on direct organogenesis was not found significant (P=0.01, Table 1 ). organogenesis from callus was affected by interaction effect between iAA and nAA (P=0.01, Table 2 ). callus induction from the different explants of Malus domestica for organogenesis was also obtained by the combined treatment of BAP and nAA (9) . But in our experiment this treatment was not found significant. Landraces exhibited significant effect with regard to callus induction and direct shoot regeneration (P=0.01, Table 1 and Table 2 ). this was actually the genotypic effect of different landraces in terms of callus induction and plant regeneration. it is suggesting that the responses may be controlled by different genes or gene combinations (10) . the effect of nAA increases the endogenous cytokine levels and it has been shown that nAA increases the endogenous level of iAA (4, 8) . iAA was very effective in the formation of callus and somatic embryos, and showed a very high influence with respect to adventitious organ formation and inhibition of axillary buds. Khorasan 
Comparative callus production in different landraces
Mean separation was performed using Duncan's Multiple Range test at 0.05 probability level after AnoVA. in comparison of different landraces for callus production, Khorasan showed the best result with 0.2 nAA+0.4 iAA+0.1 BAP hormone components and mean of 27.5% callus production. Kerman with 0.4 nAA+0.2 iAA+0.1 BAP) hormonal components and 12.29% was better than Fars landrace with 2.2% callus production optimized with 0.2nAA+0.4 iAA+0.1 BAP hormonal components (Fig. 3) .
Comparative shoot production in different landraces
Khorasan landrace with 0.2 nAA+0.4 iAA+0.0 BAP and mean of 67.7% shoot production was distinguished among the other two landraces. Kerman had better mean production than Fars with 37.8% and 0.6 nAA+0/4 iAA+0.0 BAP as hormonal components. Fars landrace when 0.2 nAA+0.4 iAA+0.0 BAP were used had a minimal score (21.04%) between the others (Fig. 3) .
Rooting and Hardening
Roots were emerged from the cut end of the shoots in all landraces cultured on half strength MS medium containing 0.2 mg/l iAA. Fully developed plantlets with well-developed root and shoot systems were transferred to pots containing sterile sandy soil covered with polypropylene caps and irrigated daily. one week later caps were opened and plantlets were transferred to the greenhouse. A total of 90% from them survived and were successfully established in the greenhouse (Fig. 4) .
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Conclusions
An efficient and simple protocol for in vitro adventitious shoot multiplication from callus cultures, a direct shoot organogenesis and then whole plant regeneration has been described. the protocol was optimized by manipulations of different PGRs, for enhanced multiplication from each landrace. indirect regeneration could be used for the somaclonal variation induction, and secondary metabolite production. Furthermore direct shoot organogenesis could be used for production of transgenic plants in cumin through Agrobacterium and biolistic methods.
